Health, and Aging Project reported over 80% of the older patients use at least 1 prescription medication on a daily basis with over 50% taking more than 5 medications or supplements daily. 5 With the aging of the population, the number of older patients with inflammatory bowel disease (IBD) is also expected to increase. Little is known about the prevalence of polypharmacy and medication interactions among the older patients with IBD. These factors, potentially overlooked by practicing gastroenterologists, may impact IBD medication adherence, efficacy, and safety and lead to increased morbidity.
The older patients with IBD are already a higher-risk group as increased age is associated with an increased risk of serious infections, venous thromboembolic events, hospitalizations, postoperative complications, and mortality. [6] [7] [8] [9] Elderly patients with IBD also have greater outpatient resource utilization compared with other age groups including physician visits, ambulatory care visits, and pharmacy claims. 10, 11 There are few studies of the presently available IBD medications that comment on the therapeutic efficacy among the older patients with IBD. The anti-tumor necrosis alpha agents (anti-TNFs), currently among the most effective treatments for moderate to severe disease activity, may be associated with increased serious infection and mortality when administered to the older patients with IBD with higher rates of medication discontinuation due to lack of response or adverse effects.
Corticosteroids are often prescribed to the older patients with IBD, with over 30% geriatric patients with IBD maintained on steroids for greater than 6 months of therapy. 15 However, steroids are associated with numerous adverse effects, particularly within the elderly patients with IBD, including infection, hypertension, worsened glycemic control, and bone loss. 16 Therefore the optimum treatment strategy, balancing safety and efficacy, for the older patients with IBD has yet to be determined as there are additional factors to consider in addition to disease activity. Studies looking at prescribing patterns among older patients with IBD consistently show aminosalicylates and corticosteroids are often the mainstays of therapy with lower rates of immunomodulator or biological use. 15, 17, 18 These trends may reflect prescribers' concerns about the safety and efficacy of immunosuppression among this higher risk age group; however, the older patients' ability to handle increased disease activity may be less than younger patients.
The primary aims of this study were to assess the prevalence and severity of polypharmacy and potential medication interactions within a cohort of older patients with IBD. The secondary aims were to describe the prescribing patterns in the treatment of IBD, particularly relating to disease severity and age at diagnosis.
METHODS

Study Population
Established patients with IBD aged 65 years and older routinely followed at the Johns Hopkins Inflammatory Bowel Disease clinics (i.e., more than 1 office visit within a 12-month period) from January 1, 2006 to December 31, 2012, were identified using the electronic medical record and the clinical IBD patient database at Johns Hopkins. Patients were excluded if they did not have a confirmed IBD diagnosis, were not routinely followed in the IBD clinical practice, had incomplete medical records (missing medication list or medical history), or had ulcerative colitis (UC) with total proctocolectomy at the time of the visit. The diagnosis of Crohn's disease (CD) or UC was confirmed by direct chart review including endoscopy, pathology, and radiology from available inpatient and outpatient medical records. The Institutional Review Board at the Johns Hopkins School of Medicine approved this study, July 2011.
Data Collection and Classification
Basic demographic information including gender, smoking history, and age at last follow-up were collected. Disease-specific information including age at diagnosis, disease duration, and current IBD treatment regimens were assessed. Disease activity was classified as inactive, mild, moderate, or severe based on direct chart review of endoscopic and radiologic activity, clinical symptoms, and physician's global assessment as documented at the time of last follow-up. Comorbid illnesses were recorded and scored using the age-adjusted Charlson comorbidity index, and degree of comorbidity for analytic purposes was categorized as mild (0-2), moderate (3) (4) , and severe (.4). 19 Data on medication use, including over-the-counter (OTC), supplements, and prescription medications that patients reported taking on a regular basis were collected from the most recent gastroenterology clinic visit. The total number of routine medications reported by the patients was classified according to degree of polypharmacy: mild (2-4), moderate (5-9), or severe ($10). OTC or prescription topical agents such as creams, emollients, or shampoos were excluded from the medication and polypharmacy count. IBD-specific medications were identified and categorized: antibiotics (specifically documented for the treatment of IBD or IBD-associated complications such as abscess), oral steroids (if specified for the treatment of IBD including budesonide), oral 5-aminosalicylates (5-ASAs), immunomodulators (azathioprine, 6-mercaptopurine, and methotrexate), and biologics (infliximab, adalimumab, certolizumab pegol, and natalizumab). Additional information recorded included any narcotic prescriptions, not specifically for IBD related symptoms, and medications classified as inappropriate for the elderly based on the Beers criteria (Table, Supplemental Digital Content 1, http://links.lww.com/IBD/A832). 20 Micromedex 2.0 was used to identify and classify potential drug interactions. 21 The total number of potential interactions per patient was recorded, and any interaction with an IBD medication was further classified as contraindicated (contraindicated for concurrent use), major (may be life-threatening and/or require medical intervention to minimize or prevent serious adverse effects), moderate (may result in exacerbation of the patients' condition and/or require an alteration in therapy), or minor (limited clinical side effects).
Statistical Analysis
Descriptive statistics were reported as percentages, mean values, and standard errors of the mean. All continuous variable comparisons were unpaired and tests of significance were twotailed. Fisher's exact test was used to compare categorical variables. Logistic regression was performed to determine independent predictors of polypharmacy using the statistically significant variables from the univariate analysis. A P value of ,0.05 was considered statistically significant. Statistical analyses were performed using IBM SPSS Statistics version 20 (SPSS Inc., Chicago, IL).
RESULTS
During the 7-year study period, 190 elderly patients with IBD aged 65 years and older with routine IBD clinic follow-up were identified, 95 patients with CD and 95 patients with UC. The older IBD cohort was taking an average of 9 (95% confidence interval (CI), 8.7-10.0) routine medications including an average of 6 (95% CI, 6.0-6.9) prescription medications, 3 (95% CI, 2.5-3.2) OTC medications, and 2 (95% CI, 1.7-2.0) IBD medications. Approximately 9.0% (n ¼ 17) of study patients were not taking any IBD medications at the time of clinical review. The patients with UC in our study population tended to be diagnosed at a later age (56.8 6 14.4 yr) than the patients with CD (44.3 6 18.6 yr). Otherwise, there were no differences between older patients with CD and UC in terms of smoking history, comorbidity, and polypharmacy (Table 1) .
When stratified based on age at diagnosis, older-onset IBD patients, diagnosed at 60 years or older, were more likely to be diagnosed with UC, have greater disease activity, and were more likely to be currently on steroids compared with early-onset IBD patients, diagnosed less than 60 years of age (Table 2 ). There were no differences, however, in terms of comorbidity scores, degree of polypharmacy, and potential medication interactions between age groups at diagnosis.
Disease Activity and Medication Utilization
Most of the older patients were in clinical remission or had only mild disease activity at the time of review (n ¼ 119, 62.6%), whereas 33.2% of patients (n ¼ 63) had moderate to severe disease activity. Medication prescribing patterns according to disease type and severity are presented in Figure 1 . Of note, 5-ASAs were the most frequently prescribed IBD medications with 76.8% of older patients actively taking 5-ASAs (69.5% patients with CD and 84.2% patients with UC). Approximately 40% (n ¼ 75) of patients were prescribed steroids, including 24% of patients with mild disease activity or in clinical remission maintained on chronic steroids. Among the steroid-exposed patients, only 21% (n ¼ 16) were prescribed biologics, and 37% (n ¼ 28) were taking thiopurines. Only 10% (n ¼ 8) of these patients had previous exposure with to biologics, and 5% (n ¼ 4) had previous exposure to thiopurines. Overall, steroid-sparing therapies such as the immunomodulators were given to 39.5% of patients and anti-TNF therapies were administered to 21.1% of patients. Almost 10% of older patients with IBD were taking chronic narcotics (n ¼ 18).
Medication utilization among the older-onset IBD patients with moderate to severe disease activity (n ¼ 37, 48.7%) was anti-TNF agents (n ¼ 9, 24.3%), immunomodulators (n ¼ 13, 35.1%), 
Polypharmacy
Severe polypharmacy, defined as the routine use of 10 or more medications, was documented among 82 of the older patients with IBD (43.2%). Mild polypharmacy (2-4 routine medications) was present among 14.7% of the older patients with IBD (n ¼ 28), and 42.1% had moderate polypharmacy (n ¼ 80) (5-9 routine medications). Increasing age was associated with severe polypharmacy as the average age of patients with major polypharmacy was 71.4 years compared with an average age of 68.8 years for patients with minor polypharmacy (P ¼ 0.02). Other factors associated with increasing polypharmacy included comorbidity index scores, Beers inappropriate medication use, and corticosteroid use ( 
Potential Medication Interactions
Overall, 140 of the 190 older patients with IBD (73.7%) had at least 1 potential interaction within their medication regimens with an average of 4.5 (95% CI, 3.9-5.2) potential interactions per patient ( Fig. 2A ). Approximately 40% (n ¼ 81) of patients experienced at least 1 potential IBD medicationassociated drug-drug interaction: 30.9% (n ¼ 25) had potential major interactions, 84.0% (n ¼ 68) had potential moderate interactions, and 11.1% (n ¼ 9) had potential minor interactions. The majority of potential drug-drug interactions were associated with 5-ASAs (n ¼ 70, 86.4%); however, 61.7% of interactions (n ¼ 50) were due to immunomodulators, 51.9% linked to steroids (n ¼ 42), and 22.2% related to the biologics (n ¼ 18) (Fig.  2B) . Disease activity, however, was not associated with increased frequency of medication interactions: 40.3% of patients in remission or mild activity and 50.8% of patients with moderate to severe disease activity had at least 1 potential IBD medicationassociated drug interaction.
DISCUSSION
Increasing polypharmacy has been associated with a greater risk for adverse drug events including medication interactions. 4 Our elderly patients with IBD had a high rate of polypharmacy with over 40% of patients taking more than 10 routine medications. Risk factors for major polypharmacy among these older patients with IBD included increasing age, increased comorbidity, corticosteroid use, and inappropriate medication use on univariate analysis. Multivariate analysis demonstrated increased comorbidity and inappropriate medication use were independently associated with severe polypharmacy. Approximately 35% of the patients with IBD were taking at least 1 potentially inappropriate medication (PIM) as determined by the Beers Criteria, most commonly benzodiazepines. The Beers criteria were developed in 1991, to limit the use of PIMs in the elderly patients, which are linked to a high risk for adverse events and lack of efficacy. 20 These PIMs are associated with an increased incidence of hospitalizations, mortality, and health care expenditures. 22, 23 In our elderly patients with IBD, PIM use was greater among patients with IBD with moderate and severe polypharmacy. Approximately 10% of the older patients with IBD were also on chronic narcotics, which are metabolized more slowly and associated with increased adverse drug events among the elderly and the patients with IBD. 4, 6 Comorbidities are more likely to be present among older persons and contribute to risk of polypharmacy and subsequent medication interactions. This was corroborated by our findings, as increasing Charlson index scores were associated with greater polypharmacy and potential medication interactions. The majority of study patients had at least 1 potential medication interaction including 93% of patients with severe polypharmacy. Potential interactions with IBD medications occurred in almost half of the older patients, most frequently with 5-ASAs although immunomodulators and steroids were responsible for a sizeable fraction of interactions as well.
The combination use of thiopurines and 5-ASA was common among older patients with IBD. Notably, this combination of medications may lead to an increased risk of blood dyscrasias, including myelosuppression. Although this interaction has not commonly resulted in adverse outcomes among patients with IBD, awareness of the potential adverse outcomes of this combination therapy is important for the older patients who have altered drug metabolism relative to younger persons and for whom sustained higher levels of thioguanine may result in greater risk. Closer therapeutic monitoring may be advised for this age group. Additional 5-ASA interactions were with the proton pump inhibitors as the increased gastric pH could result in lower therapeutic efficacy. Again, although the impact of this medication combination is not clearly known, as the older patients are already susceptible to atrophic gastritis with its associated increased gastric pH, this may further affect drug absorption particularly with the pH dependent 5-ASA formulations. The 5-ASAs may also increase the effects of sulfonylureas, commonly used for patients with type 2-diabetes, leading to possibly greater risks for hypoglycemic events. Other potential medication interactions with IBD therapies Over 75% of patients with potential IBD medicationassociated interactions had a comorbidity index score of 3 or higher, and 40% had a comorbidity index score $5. Additionally, 33% of the potential IBD medication-associated interactions were with PIMs, which already should be avoided among this patient group. Medication interactions and adverse effects are common reasons for emergency room visits and hospital admissions especially in the aging population. [25] [26] [27] Considering the elderly patients with IBD already have high resource utilization, careful medication reconciliation and simplification represents a potentially modifiable means of preventative care and decreased morbidity.
The prescribing patterns seen in our study are consistent with previously published studies. 15, 17 The 5-ASAs were the primary maintenance therapy for the older patients with IBD, regardless of disease activity. Despite the uncertain efficacy of 5-ASAs for CD, 28, 29 70% of the elderly patients with CD were on maintenance mesalamine therapy, including 71% of CD patients with moderate to severe disease. Although 5-ASAs are a relatively benign treatment with few associated major adverse effects, these agents are not typically used for steroid-dependent or moderate to severe disease based on current practice guidelines. 30, 31 Overall, the use of chronic steroids was high among the older patients with IBD, including 24% of persons in remission or with mild disease on maintenance steroids; which were significantly associated with increasing polypharmacy in univariate analysis. In multivariate analysis, this was no longer significant, although the study was likely underpowered to detect a significant difference. Almost half of the steroid-dependent patients had no documented steroid-sparing therapy aside from 5-ASAs. When stratified based on moderate to severe disease activity, only 25% of the older patients received biologics, and just 35% were prescribed immunomodulators, the conventional steroid-sparing agents, compared with 71% with chronic steroid use. The older patient is already susceptible to steroid-associated complications including glaucoma, diabetes, hypertension, diabetes, bone loss, and mortality. 32 Multiple studies have also demonstrated an increased risk of serious infection, opportunistic infection, osteoporosis, morbidity, and mortality associated with steroid use in IBD. 6, 33, 34 Therefore, the older patients likely represent the most at-risk IBD subgroup for steroidassociated complications; however, maintenance steroid therapy seems to be more commonly prescribed over the steroid-sparing immunomodulators and biologics.
Our findings also suggest a relative underutilization of biologics and immunomodulators among the older patients with IBD, particularly the older-onset IBD patients with active disease. Although steroids are typically used for induction of remission, they are not recommended for maintenance therapies due to the known steroid-associated adverse events and infections. For steroid-dependent patients with IBD, immunomodulators or biologics are often introduced to help maintain steroid-free remission. The anti-TNF agents are the most effective medications presently available for the induction and maintenance of remission in IBD. Early aggressive therapy, the "top-down" strategy with earlier introduction of biological agents rather than the "step-up" conventional management, may be associated with better long-term outcomes. 35 Additionally, the SONIC trial demonstrated that the combination of immunomodulator and anti-TNF therapy is more effective than either treatment alone. 36 As a result, biological utilization among patients with moderate to severe IBD has been increasing except perhaps within the older patients with IBD.
Little is known about the efficacy and safety of anti-TNF or immunomodulators, as monotherapy or combination, for the older patients with IBD. Elderly patients with IBD may frequently be maintained on steroids and less effective medications such as 5-ASAs due to fears of serious complications and infections from immunosuppressants. Additionally, concerns about malignancy risk, particularly with the thiopurines with the age and exposurerelated increased risk of lymphoproliferative disorders and skin cancers, may limit their therapeutic role for the older patients. 37, 38 There are no robust data on the safety of these medications in the elderly population and the available studies suggesting increased adverse effects and higher rates of discontinuation are confounded by concurrent steroid usage, underlying disease activity and comorbidity. 12, 13 These steroid-sparing strategies may also be initiated later during the disease course for the elderly patients when they may potentially be less efficacious or the tolls of disease burden such as anemia, malnutrition, or dehydration may be harder to maintain leading to more frequent hospitalizations, medication discontinuation, and/or infection.
The older patient with IBD is underrepresented in the major randomized controlled trials of the anti-TNF agents. However, using the patients with rheumatoid arthritis (RA) as a surrogate for presumed safety and efficacy, anti-TNFs were similarly efficacious among patients .65 years compared with those ,65 years of age. 39 There are conflicting data regarding safety of anti-TNF use in older patients with RA; however, a large British observational study showed that although older patients with RA may be at greater risk for serious infections, concurrent anti-TNF use was not associated with additive risk. 40 Another study investigating serious infection risk among older patients with RA, reported a lower comparative risk of infection among anti-TNF users, (OR ¼ 1.6) compared with steroid (OR ¼ 4.0-7.6) and nonbiologic disease modifying antirheumatic drugs, including azathioprine (OR ¼ 2.5) and methotrexate (OR ¼ 2.4-3.0). 41 Further investigation regarding therapeutic decision making for the older patients with IBD with continued disease activity is certainly needed to help guide practitioners, particularly as chronic steroid use may not be a medically responsible option, for this higher-risk age group. The current mainstays of IBD treatment are the induction and maintenance of clinical and, ultimately, endoscopic remission. Clinical remission of IBD is associated with higher quality of life scores and allows patients to lead more active and independent lives. This is especially important for the older person at greater risk of declining functional status, hospitalization, and resource utilization if disease is poorly controlled. Additionally, other factors need to be considered in the management of the older patients with IBD such as medication costs given limited income for many older persons, complexity of medication regimens especially with increasing pill burden, and practicality of using injectables or infusions as maintenance regimens particularly for patients with limited caregiver support. Elderly patients are especially at risk for prescribing cascades that occur when an adverse effect of an existing medication is interpreted as a new symptom or illness and treated with increased dosages of other medications or the addition of new medications. 42 Prescribing cascades increase polypharmacy as well as increase the risk of drug interactions or adverse drug events. An example of an IBD-associated prescribing cascade that may happen to the older patient is 5-ASAs hypersensitivity. The symptoms may be misinterpreted as a colitis flare, which may lead to the addition of steroids and antidiarrheals and exposure to additional adverse effects and greater pill burden. Medication prescribing for the older patients with IBD needs to be done with care and caution, making certain to avoid inappropriate medications, monitoring for adverse effects, updating medication lists (including OTC meds and supplements), and checking for interactions at each visit since older persons often see multiple physicians.
There are several inherent limitations to our study findings. This was a retrospective study of older patients with IBD seen at a tertiary care IBD referral center. Therefore, the patient population may represent to have more complicated disease, comorbidities, or contraindications to standard therapies. Medication utilization was based on patient recall and chart documentation and may be subject to recall bias or errors relating to medical charting. Disease activity was not formally assessed using a standardized scoring system as this was not routinely done in practice but characterized based on the provider's clinical assessment at the time of the most recent follow-up. Additionally, as this was a retrospective study, assessments for medication adherence were not performed and polypharmacy was defined based on documentation of prescribed medications. There is also no standardized definition of polypharmacy as within the published literature, polypharmacy is defined with vague terms such as "excessive," "complicated," or "inappropriate" prescription or based on the presence of medication interactions. 43 Two studies defined polypharmacy as 5 or more routine medications, with one study defining "major polypharmacy" as the use of .5 medications and "mild polypharmacy" as the use of 2 to 4 medications. 44, 45 For the purposes of our study, we defined polypharmacy as mild, moderate, and severe based on the fact that the majority of our patients (85%) were taking 5 or more medications to allow for further analyses based on number of routine medications. However our findings still underscore the complexities associated with older IBD care, particularly with more refractory disease.
Our study highlights the risk for severe polypharmacy and potential major medication interactions among our elderly patients with IBD, particularly persons with increasing age, steroiddependence, greater comorbidity, and inappropriate medication use. There seems to be a reliance on corticosteroids and 5-ASAs as maintenance therapy, even with moderate to severe disease activity, and a relative underuse of immunomodulator and biological therapy for this higher-risk IBD subset. Physicians caring for older patients with IBD should check for inappropriate medication use and interactions before prescribing any IBD therapy, which should be considered as part of the standards for quality IBD care. There remains a paucity of data on the efficacy and safety of IBD medications in the elderly population relative to the current paradigms of management for the younger patients. The lack of evidence-based data poses additional challenges for health care professionals caring for complex older patients with IBD. Further investigation is certainly warranted before implicitly extrapolating the current therapeutics to this higher-risk subset with multiple other ageassociated factors that may influence both the patients and their IBD.
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